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3.3> PLANNING FACTORS/TRANSMISSION ROBUSTNESS

The Advisory Committee considers transmission performance under three selection criteria:
Service Area, Accommodation Percentage, and Transmission Robustness.

Service Area and Accommodation Percentage are calculated using planning factors derived,
in large part, from the data summarized here. When ATV is the desired signal, a planning
factor is the desired-to-undesired (i.e., D/U) ratio for judgements of "perceptibie, but not
annoying” (i.e., Impairment Grade 4.0). If no subjective test is done, however, the D/U
ratio for the TOV is used instead. When NTSC is the desired signal, a planning factor is the
D/U ratio for judgements of "slightly annoying” (i.e., Impairment Grade 3.0). Service Area
and Accommodation Percentage are calculated using many planning factors (e.g., those from
noise, co-channel interferences, adjacent-channel interferences, etc.). Accordingly, the
relative performance of a system overall may not readily be predicted from its relative
performance on any single planning factor.

Transmission Robustness considers the ability of the system to withstand impairment from
any of a number of known sources, many of which are considered here.

In Impairment/Interference tests in which the ATV system was the desired signal, the all-
digital systems typically exhibited "cliff-like" failure characteristics.> Further to the
provisions of Document SSWP2-0390 (Section 1.6.5, paragraph 5) and the advice of PS/WP-
3 that impairment ranges of less than 5 dB not be explored with non-expert viewers, ‘
subjective tests typically were not done in these cases.

The results of assessments of Random Noise into ATV are summarized in TABLE 2.

For Random Noise into ATV, TABLE 2 shows that only Narrow-MUSE and AD-HDTV
were brought to subjective test. Of the two systems, AD-HDTV performed better. The
reader is encouraged to examine FIGURE 2, which illustrates the failure characteristics of the
two systems and the TOVs and POUs for all systems.

?  This may be defined as degeneration from a state of barely visible transmission impairment (i.c., the
TOV) 10 a state in which the video is judged by experts as unusable (i.c., the POU) in fewer than 5 dB.
Note: the POU does not imply absence of the video or loss of the signal.

T
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TABLE 2
RANDOM NOISE INTO ATV

G4: D/U ratio for mean grade of “, ble, but not annoying" (negative values are better): [ I: further to SSWP2-
0390, no subjective test gvas done :.nd D/U at TOV is given in brackets; R: statistical ranking of systems (flower
values are better); /.J: no subjective test was and, thus, no rank could be determined

RANDOM NOISE
(into ATV)

G4 +37.93

N-MUSE R 20
G4 [+15.95)

DigiCipher R [.]
G4: [+15.97]

DSC-HDTYV

5¢ R: (]
G4 +18.19!

AD-HDTV R 1.0
G4 (+15.38]

' CCDC R [.]

NOTES: ’

1. For tests of Random Noise into AD-HDTV, the e between the TOV and the POU was less than S dB
and subjective tests with non-experts normally wonu?g not have been done. However, at the request of the
Cm& SS/WP-2, a subjective test with non-experts was done in this case. The D/U at TOV was
+18. .

2, Desired signal levels were -28 dBm for Narrow-MUSE and -38 dBm for the remaining systems.

- The results of assessments of Co-Channel, Lower-Adjacent Channel, and Upper-Adjacent
Channel Interference from ATV to ATV are summarized in TABLE 3.

For Co-Channel Interference from ATV to ATV, TABLE 3 shows that only Narrow-MUSE
.was brought to subjective test. The reader is encouraged to examine FIGURE 3, which
illustrates the failure characteristic of the Narrow-MUSE system and the TOVs and POUs for
all systems. '

For Lower-Adjacent Channel Interference from ATV to ATV, TABLE 3 shows that only
Narrow-MUSE was brought to subjective test. The reader is encouraged to examine
FIGURE 4, which illustrates the failure characteristic of the Narrow-MUSE system and the
TOVs and POUs for all systems.

For Upper-Adjacent Channel Interference from ATV to ATV, TABLE 3 shows that only -
Narrow-MUSE was brought to subjective test. The reader is encouraged to examine
FIGURE §, which illustrates the failure characteristic of the Narrow-MUSE system and the
TOVs and POUs for all systems.

]
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TABLE 3
. INTERFERENCE FROM ATV TO ATV
G4: DAU ratio for mean grade of "perceptible, but not * (negative values mbmtr:né] fnrtllcrwm
/U at TOV i in brackets; R:
0390. no sub{'gdcgev: :::‘ b\:t.t‘exgom[] ‘:mﬁ?cnveu test was : mnnd thus, no rank could be d etemm:gm
CO-CHANNEL LOWER-ADJ. UPPER-ADJ.
(ATV40-ATV) {(ATV-40-ATY) (ATV-t0-ATY)
N-MUSE g;t: +31.21 g:t: -15.48 ‘c::t: +16.58
. G4: [+16.37] G4 {-23.20] G4: [-23.04]
DigiCipher R: [.] R: [.] R: [.]
G4: [+18.24] G4: {-35.21] G4: {-36.02]
DSC-HDTV R: [.] R: [.] R: [.]
G4. [+19.09] G4: [-33.33] G4: [-16.76)
AD-HDTV R: [.] R: [.] R: [.]
G4: [+16.59] G4: [-31.55] G4: [-32.38]
ccoc R: [.] R: [.] R: [.]
NOTES:
1 No rank is provided for Narrow-MUSE as no other s was brought to subjective tests by non-experts

2. Desired signal levels were -58 dBm for Narrow- and -68 dBm for the remainine

The resulis of assessments of Co-Channel, Lower-Adjacent Channel, and Upper-Adjacent
Channel Interference from NTSC to ATV are summarized in TABLE 4.

For Co-Channel Interference from NTSC to ATV, TABLE 4 shows that Narrow-MUSE,
DSC-HDTV, and AD-HDTV were brought to subjective test. Of the three systems, AD-
HDTYV performed best; DSC-HDTV performed next best, followed by Narrow-MUSE. The

reader is encouraged to examine FIGURE 6, which illustrates the fallurc characteristics of the

three systems and the TOVs and POUs for all systems.

For Lower-Adjacent Channel Interference from NTSC to ATV, TABLE 4 shows that only
Narrow-MUSE was brought to subjective test. The reader is encouraged to examine
FIGURE 7, which illustrates the failure characteristic of the Narrow-MUSE system and the
TOVs and POUs for all systems.

- For Upper-Adjacent Channel Interference from NTSC to ATV, TABLE 4 shows that only

Narrow-MUSE was brought to subjective test. The reader is encouraged to examine
FIGURE 8, which illustrates the failure characteristic of the Narrow-MUSE system and the
TOVs and POUs for all systems.

]



" G4: D/U ratio for mean grade of “pe mz‘nblc but not annoying

Page 12 ATEL COMPARATIVE ANALYSIS

TABLE 4

INTERFERENCE FROM NTSC TO ATV

(negative va’lauu are better); [ }: further to SSWP2-

0390, no subjective test was dons and DIU:!TOVB vmin statistical ranking of systems (lower
A jv‘:luesmbouu) {.]: oo subjective test was ne and, thus, no rank could be determined

CO-CHANNEL LOWER-ADJ. UPPER-ADJ.
(NTSC-to-ATV) (NTSC-t0-ATV) (NTSC-t0-ATYV)
G4: +20.72 G4: +27.59 G4: -11.76
N-MUSE R: 3.0 R: R: :
G4: [+ 7.61] G4: [-30.36] G4: (-23.75)
DigiCipher R: [.] R: [.] R: [.]
G4: + 4.65* G4: [43.17) Ga4: [<2.12]
DSC-HDTV R: 2.0 R [.] R: [.]
»nm' G4: + 0.112 G4: [-37.85) G4: [-36.45]
AD-HDTV R: 1.0 R: [.] R: [.]
G4: [+ 8.05) G4: [-37.66) G4: {-37.16]
cenc R: [.] R: [.] R: [.]
NOTES:
1. No rank is provxdod for Narrow-MUSE for Lower-Ad;mnt Channel Interference or for Upper-Adjacent
rfcnmunoodmsxg tive tests by non-expe
2. For Co-Chnnm rference into HDTV nngomnntheTO thePOU was less than 5 dB

and subjective tests with non-experts normally would not have been done. However. at the request of the
Chairman of SS/WP-2, subjective tests were done in this case. The D/U at TOV was +0.50

3. For sequences, the quality of DSC HDTV decreased as the interfering signal increased; for the still,
however there was no loss in quality over the range examined in the test. The results given here are those
for sequences.

4, At TOV for DSC-HDTYV, the sequences showed more severe impairments than were seen in other

recordings of DSC- HDTV at TOV. As Gd i u influenced by performance at TOV, it should be interpreted
with caution. The D/U at TOV was +3.47 dB
S. Desired signal levels were -58 dBm for Narrow-MUSE and 68 dBm for the remaining systems.

The results of assessments of Co-Channel, Lower-Adjacent Channel, and Upper-Adjacent
Channel Interference from ATV to NTSC are summarized in TABLE 5.

For Co-Channel Interference from ATV to NTSC, TABLE 5 shows that all five systems
were brought to subjective test. Of the five systems, Narrow-MUSE performed better than
the other four systems. The reader is encouraged to examine FIGURE 9, which illustrates

the failure_characteristics of NTSC in response to interference from the five systems and the

=

For Lower-Adjacent Channel Interference from ATV to NTSC, TABLE 5 shows that all five

systems were brought to subjective test. Of the five systems, Narrow-MUSE performed best;

CCDC, DSC-HDTV, and AD-HDTV performed next best, followed by DigiCipher. The
reader is encouraged to examine FIGURE 10, which illustrates the failure characteristics of
NTSC in response to interference from the five systems and the NTSC TOVs and POUs in
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differences among systems. The reader is encouraged to examine FIGURE 12, which gives a
fuller appreciation of the performances of the systems.

TABLE 6
ATV CABLE RECEIVED QUALITY

D: distribution quality minus ideal reception quality (if positive, distribution quality
exceeds ideal reception quality); R: statistigal ranking of systems (lower values are better)

STILLS | CAMERA FILM GRAPHIC | GRAPHIC
[S01-S10] MO1-M10] | [M17-M20] (S14] M16]
D: -024 |D: -058 |D: -045 |[D: +014 |D: -037
N-MUSE R 30 R 30 R 30 R 30 |R 30
D: + 0.35 D: -042 D: -0.78 D: -0.43 D: + 2.06
DigiCipher | p. 30 |&r 30 |®R 30 [rR 30 |[R 30
D: -018 [D: +016 |D: -098 |D: -231 [D: -062
DSCHDTV | g 30 |& 30 |r 30 |R 30 |R 30
D: +0.15 D: +0.06 D: -0.18 D: + 0.84 D: -0.20
AD-HDTYV R 30 R 30 R 3.0 R 3.0 R 3.0
cope D: +027 |D: -022 |D: -049 |D: +08 [D: -090
: R 30 R 30 R 30 R 3.0 R 3.0
NOTES: v :
1. In accordance with standard statistical practice, ties share the average of the ranks they otherwise would be

assigned (e.g., 2 cases tied for first place would be assigned ranks of 1.5, the average of ranks 1 and 2).

For Fiber Received Quality, no subjective assessments by non-expert viewers were carried
out. Expert observers at Cable Television Laboratories determined that none of the ATV
systems was affected by transmission through the fiber distribution plant and that this test was
unnecessary as it would add no information beyond that available from tests of Cable
.Received Quality.

The results of assessments of Cable Third-Order Intermodulation Distortion are summarized
in TABLE 7.

For Cable Third-Order Intermodulation Distortion, TABLE 7 shows that only Narrow-MUSE
was brought to subjective test. The reader is encouraged to examine FIGURE 13, which
illustrates the failure characteristic of the Narrow-MUSE system and the TOVs and POUs for
all systems.
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TABLE 7
CABLE THIRD-ORDER INTERMODULATION DISTORTION

G4: undesired level (relative to carrier) for mean grade of "pe: ible, but not annoying” (positive values are
better); [ ]: further to SSWP2-0390, no subjective test was dons the undesired level (relative to carrier) at TOV
is given in brackets; R: statistical ranking of systems (lower values are better); /.J: no subjective test was done and,

thus, no rank could be determined

3rd-ORDER
I'MOD (to ATV)
N-MUSE g4 -22.70
G4 [-31.00)
DigiCipher R: ]
G4: (-11.00)
-HDTV
DSC-HDT R: [.]
G4 {-16.00]
- v
AD-HDT R: [.]
G4: {-33.00]
D
CCDC R: [.]
NOTES: .
J 1. No rank is provided for Narrow-MUSE as no other system was brought to subjective tests by non-experts.
2. Desired signal levels were 43 dBm for Narrow-MUSE and -53 dBm for the remaining systems. -

3.5 CONCLUDING COMMENTS

_ Subject to such comments as are made in the text and TABLES of this report, the data appear

' to provide a sound basis for decision making. The interpretation of some of the data,
however, may need to be tempered judiciously by consideration of whether deficiencies in
performance reflect deficiencies in test materials, implementation, or system.
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ILLUSTRATION 1. SAMPLE OF JUDGEMENT SCALES USED IN QUALITY
TESTS.
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ILLUSTRATION 2. SAMPLE OF IMPAIRMENT SCALE USED IN
IMPAIRMENT AND INTERFERENCE TESTS.









MEAN IMPAIRMENT RATING

FIGURE 3: CO-CHANNEL INTERFERENCE (ATV-to-ATYV)
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MEAN IMPAIRMENT RATING

FIGURE 4: LOWER-ADJACENT CHANNEL INTERFERENCE (ATV-to-ATV)
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MEAN IMPAIRMENT RATING

FIGURE 5: UPPER-ADJACENT CHANNEL INTERFERENCE (ATV-t0-ATYV)
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FIGURE 6: CO-CHANNEL INTERFERENCE (NTSC-to-ATV)
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FIGURE 7: LOWER-ADJACENT CHANNEL INTERFERENCE (NTSC-to-ATV) I .
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FIGURE 8: UPPER-ADJACENT CHANNEL INTERFERENCE (NTSC-to-ATYV)
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MEAN IMPAIRMENT RATING

FIGURE 9: CO-CHANNEL INTERFERENCE (ATV-to-NTSC)
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FIGURE 10: LOWER-ADJACENT CHANNEL INTERFERENCE (ATV-to-NTSC)
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FIGURE 12: ATV CABLE RECEIVED QUALITY DIFFERENCE SCORES
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PURPOSES OQF THESE TESTS

At the direction of SS/WP2, the Task Force observers reviewed in one day the “Free-Form
Viewing™ sequences for each of the proponents. These are the same data that were taken
during Digital Specific Test #1.2.2 for the digital systems and System Specific Test #2.2.3.4
for Narrow MUSE. Those tests were performed on each system during its time at the
ATTC, which means that assessment of the relative performances of all the systems was
spread over several months. The comparative review in this report is intended to allow the
observers an efficient and reliable comparison of image quality conducted at the same time on

all systems.
TEST PROCEDURE

The observers viewed three tapes prepared in advance by the ATTC. Each image or
sequence was viewed in rapid succession on all systems before moving on to the next image
or sequence. In the first tape, all proponent systems were compared with the 1125-line
reference image. In the second tape, the 1050-line interlaced systems (DigiCipher and AD-
HDTYV) were compared against a 1050-line interlaced source (i.e., the input format to their
hardware); this 1050-line signal was transconverted from the 1125-line source. The third
tape compared the 787.5-line progressive systems (Digital Spectrum Compatible HDTV and
Channel Compatible DigiCipher) against a 787.5-line progressive source (i.e., the input
format to their hardware). In the first tape, the systems were viewed in the order in which
they were delivered to the ATTC for testing (i.e., for each image, the presentation order
was: Reference, Narrow MUSE, DigiCipher, DSC-HDTV, AD-HDTV, CCDC, and
Reference again). In the second and third tapes, the paired systems were viewed in both
possible orders (i.e., for each image, the presentation order was: Source, “System A,”
*System B,” Source, *System B,” “System A").

The Task Force observers ranked the reproduced images on a 10-point scale (10 being best).
There was no forced ordering (i.e., ties were permitted). The 10-point scale also allowed the
observers to indicate large relative differences in performance, where appropriate. In order
to establish the range of image quality they would be considering, the observers pre-viewed
the first tape described above without ranking the images.

INTERPRETATIONS OF THE DATA

The attached Tables 1-3 show the scores for each system on each image resulting from
consensus among the five observers. One point differences in scores on any individual image
are not judged consequential. Table 4 was constructed from Table 1 by taking the
differences from the best score on each image (i.e., the best performance was scored zero;
larger numbers indicate poorer performance). The observers feel this Table reveals the
trends and results most clearly.
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Identical scores do not mean that the images and their artifacts were indistinguishable.
Identical scores mean that the overall image quality (the net effects of all visible artifacts) was

judged the same. Sometimes this involved trade-off among the sub}ectlve impressions of

different artifacts (e.g., pulsating noise vs. color resolution, pulsating noise vs. more random
*white” noise, etc.).

CONCLUSIONS

In these rankings of unimpaired image quality, two of the systems, DigiCipher and AD-
HDTV, were judged supenor to the other three systems. It is difficult to find significant
dlffcrences in the overall image quality of these two systems.

DETAILED TEST RESULTS

The images and relative scores are presented in the following tables.



